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[571 ABSTRACT

A fuel control device of an engine which comprises: an

intake pipe. pressure detecting means; a crank angle -
signal generating means; a transient state determining
means for determining a transient state of an engine; a

transient state correction fuel quantity calculating

means; an averaging means for averaging the pressure
data 1n a predetermined crank angle signal period; a

‘basic fuel quantity selecting and calculating means for

calculating a basic fuel quantity after selecting an output
signal of an instantaneous value of the pressure data or
an output signal of the averaging means corresponding
with an output level of the transient state correction fuel
quantity calculating means; a fuel injection quantity
determining means for calculating a fuel injection quan-
tity by using the transient state correction fuel quantity
and the basic fuel quantity; a fuel quantity measuring
means for measuring a fuel quantity for supplying by
injection fuel of the fuel injection guantity by the fuel
injection quantity determining means to the engine syn-
chronizing with a crank angle signal; a nonsynchroniz-
ing fuel guantity determining means for calculating a

~ nonsynchronizing fuel quantity in detecting of an accel-

eration state of the engine by comparing an instanta-
neous value of the pressure data with an output signal of
the averaging means; and a nonsynchronizing fuel quan-
tity measuring means for measuring a fuel quantity for
supplying by injection fuel of the nonsynchronizing fuel
quantity by the nonsynchronizing fuel quantity deter-
mining means to the engine not synchronizing with the
crank angle signal.

1 Claim, 8 Drawing Sheets
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FIGURE 2
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FIGURE O
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1
FUEL CONTROL DEVICE OF AN ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention )

This invention relates to a fuel control device of an
engine which controls quantity of fuel that is supplied to
an engine of an automobile or the like.

2. Discussion of the Background

In the conventional device of this kind, pressure in an ‘0
mtake pipe of an engine is detected by an intake pipe
pressure detecting means which is converted to a pres-
sure data. Determination 1s made whether the engine is
In transient state, by comparing the pressure data and a
threshold value for determining a transient state. Corre- 13
sponding with a result of the determination, the fuel
injection quantity is calculated based on the pressure
data. The fuel of this fuel injection guantity is simulta-
neously supplied by injection to the engine synchroniz-

- ing with a predetermined crank angle. The acceleration 20
state of the engine is swiftly detected by detecting the
change quantity of an output of a throttle opening de-
gree sensor. The fuel 1s simultaneously supplied to the
engine not synchronizing with the crank angle.

Since the conventional fuel control device of an en- 25
gine is constructed as above, a ripple variation of the
pressure data 1s significant when the engine load is in
- heavy load range. Therefore the threshold value for
determining a transient state is set at high value consid-
ering the ripple variation so that the transient state is not 30
erroneously detected by the ripple variation. Hencefor-
ward, the detection sensitivity is lowered. Especially in
the acceleration time of the engine in its light load
range, although it 1s possible to control the nonsynchro-
nizing injection by a throttle opening degree sensor at 35
an initial state of the acceleration, the transient state
detection for increasing the synchronized injection
quantity is retarded. Therefore it is not possible to sup-
ply the fuel quantity in correspondence with the tran-
sient state to the engine with high response. The air-furl 40
ratio control in the transient time is delayed, and the
air-fuel ratio becomes unstable, which worsens the run-
ning performance of the engine. Furthermore, since the
conventional system utilizes the throttle opening degree
sensor, the cost for the control device is increased. 45

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
fuel control device of an engine capable of stabilizing
the air-fuel ratio, having a high response in the transient 50
state, without utilizing the throttle opening degree sen-
SOT. |

According to an aspect of the present invention, there
is provided a fuel control device of an engine which
- comprises: a intake pipe pressure detecting means for 55
detecting an intake pipe pressure and converting the
intake air pressure to a pressure data; a crank angle
signal generating means for generating a crank angle
signal which is synchronized with a predetermined
‘crank angle; a transient state determining means for 60
determining a transient state of an engine by comparing
a timewise change quantity of the pressure data with a
threshold value for determining the transient state
which is selected corresponding with a load state of the
engine; a transient state correction fuel quantity calcu- 65
lating means for calculating a transient state correction
fuel quantity based on the pressure data when the tran-
sient state of an engine is determined; an averaging

2

means for averaging the pressure data in a predeter-
mined crank angle signal period; a basic fuel quantity
selecting and calculating means for calculating a basic
fuel quantity after selecting an output signal of an in-
stantaneous value of the pressure data or an output
signal of the averaging means corresponding with an
output level of the transient state correction fuel quan-
tity calculating means; a fuel injection quantity deter-
mining means for calculating a fuel injection quantity by
using the transient state correction fuel quantity and the
basic fuel guantity; a fuel quantity measuring means for
measuring a fuel quantity for supplying by injection fuel
of the fuel injection quantity by the fuel injection quan-

~ tity determining means to the engine synchronizing

with a crank angle signal; a nonsynchronizing fuel quan-
tity determining means for calculating a nonsynchroniz-
ing fuel quantity in detecting of an acceleration state of
the engine by comparing an instantaneous value of the
pressure data with an output signal of the averaging
means; and a nonsynchronizing fuel quantity measuring
means for measuring a fuel quantity for supplying by
injection fuel of the nonsynchronizing fuel quantity by
the nonsynchronizing fuel guantity determining means
to the engine not synchronizing with the crank angle
signal.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 18 a construction diagram of the invented
device; |

FIG. 2 is a construction diagram of an engine unit
according to the present invention; |

FIG. 3 1s a construction diagram of ECU according
to the present invention;

FIGS. 4A through 4C are signal timing charts of the
respective parts of the invented device;

FIGS. 5 through 7 are flow charts showing the oper-
ation of CPU in ECU according to the present inven-
tion; and | |

FIG. 8 is a timing chart of a nonsynchronizing injec-
tion of the invented device.

In the drawings, a numeral 1 designates an engine,
SA, a crank angle signal generation means, 5B, an intake
pipe pressure detecting means, 6G, a transient state
correction fuel quantity calculating means, 6H, an aver-
aging means, 6K, a fuel injection quantity determining
means, 7, a fuel quantity measuring means, 8, a transient
state determining means, 9, a basic fuel quantity selec-
tion calculating means, 10, a nonsynchronizing fuel
quantity determining means, 11, nonsynchronizing fuel
quantity measuring means, 20, an injector, 25, a crank
angle sensor, 28, a pressure sensor, and 32, an ECU.

The same notation in the drawings designates the
same or the corresponding parts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the followings, explanation will be given to em-

bodiments of the present invention referring the draw-

ings. FIG. 1 shows a construction of an embodiment of
the fuel control device of the engine. In FIG. 1, a nu-
meral 1 designates a publicly known engine which is
mounted on an automobile, 2, a pressure detecting
means for detecting a pressure in an intake pipe of the
engine 1, 3, an analogue filter circuit for decreasing a
ripple of an output signal of the pressure detecting
means 2, 4, an A/D converter for converting an output
signal of the analogue filter circuit 3 to a digital value,
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SA, a crank angle signal generating means for generat-
Ing a crank angle signal S at every predetermined crank
angle of the engine 1, 5B, an intake pipe pressure detect-
ing means which is constituted by constituent elements
of numerals 2 to 4, and which detects an intake pipe

pressure of the engine 1, and which converts it to a
digital pressure data as an output. A notation 6A desig-

nates a load condition determining means for determin-
ing a state (for instance whether larger than or equal to
a predetermined value) of the load of the engine 1 (for
instance, the output signal of the intake pipe pressure
detecting means SB or the like), 6B, a first threshold
value output means for outputting a threshold value for
determining the first transient state which is utilized for
transient state determination in low load of the engine,
6C, a second threshold value output means for output-
ting a threshold value for determining a second tran-
sient state, the value of which is larger than the thresh-
old value for determining the first transient state, 6D, a

10

15

switching means for switching and outputting one of 20

the outputs of the first and second threshold value out-
put means 6B and 6C, corresponding with the result of
the determination of the load condition determining
means 6A. A notation 6E designates a change quantity
detecting means for detecting a change quantity of an
output signal of the intake pipe pressure detecting
means 5B in a period, for instance, the one based on the
crank angle signal S, 6F, a comparing means for detect-
ing the state of engine as a transient state when an out-
put signal of the change quantity detecting means 6E is
equal to or more than a threshold value for transient
state determination which is outputted from the switch-
ing means 6D, 6G, a transient state correction fuel quan-
tity calculating means for calculating a transient state
correction fuel quantity based on an output signal of the
intake pipe pressure detecting means 5B after receiving
a transient state detecting signal of the comparing
means 6F, 6H, an averaging means for averaging an
output signal of the intake pipe pressure detecting
means SB in a period of a predetermined crank angle
signal S, 61, a selecting means for selecting and output-
ting one of the output signals of the intake pipe pressure
detecting means 5B and the averaging means 6H, corre-
sponding with an output level of the transient state
correction fuel quantity calculating means 6G, 6J, a
basic fuel quantity calculating means for calculating a
basic fuel quantity by inputting the output signal of the
selection means 6] and the crank angle signal S., 6K, a
fuel injection quantity determining means for determin-
ing a fuel injection quantity in a drive pulse width of the
injector, utilizing output signals of the transient state
correction fuel quantity calculating means 6G and the
basic fuel quantity calculating means 6J, and 7, a fuel
quantity measuring means, which measures and supplies
by injection the fuel corresponding with a fuel injection
quantity calculated by fuel injection quantity determin-
ing means 6K, to the engine, synchronizing with a pre-
determined crank angle. A numeral 8 designates a tran-
sient state determining means composed of the constitu-
ent elements of 6A through 6F, which determines the
transient state of the engine by comparing the threshold
value for determining the transient state that is selected
according to the load condition of the engine, and the
change quantity of the output signal of the intake pres-
sure detecting means 5B in the period, for instance, the
one based on the crank angle signal S,. A numeral 9
designates a basic fuel quantity calculating means which
Is composed of the constituent elements of the parts 61

25
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and 6J, which calculates the basic fuel quantity from a
signal selected from output signals of intake pipe pres-
sure detecting means 5B and the averaging means 6H
corresponding with an output level of the transient state
correction fuel quantity calculating means 6J, and the
crank angle signal S.. A notation 10A designates a com-
paring means which compares the output signals of the
intake pipe pressure detecting means 5B with the aver-
aging means 6H, and detects an acceleration state of the
engine 1, 10B, a comparison value outputting means
which determines a comparison value for determining
whether the acceleration state continues, after the com-
paring means 10A detects the acceleration state, 10C, a
comparing means which detects the continued accelera-
tion state by comparing the output signals of the com-
parison value outputting means 10B with the intake pipe
pressure detecting means 5B, and 10D, a nonsynchro-
nizing fuel quantity calculating means for calculating a
nonsynchronizing fuel injection quantity when the com-
parison means 10A and 10C detect the acceleration
state. The nonsynchronizing fuel quantity detecting
means 10 1s composed of the constituent elements of
10A through 10D. A numeral 11 designates a nonsyn-
chronizing fuel quantity measuring means which mea-
sures and supplies by injection the fuel corresponding
with the fuel mnjection quantity which is calculated by
the nonsynchronizing fuel quantity determining means
10, to the engine 1 not synchronizing with the crank
angle.

FI1G. 2 shows a construction of the embodiment of
the engine unit. A numeral 1 designates, for instance, a
publicly known four-cycle three-cylinder engine which
1s mounted on the vehicle such as an automobile. The
air for combustion is sucked to the engine successively
through the air cleaner 12, the throttle valve 13, and the
surge tank 14. In idling time of the engine, the throttle
valve 13 is closed. The opening degree of the bypass
passage 15 which bypasses the throttle valve 13, is con-
trolled by the thremo-wax type first idle valve 16. The
air for combustion having a quantity corresponding
with the opening degree is supplied to the engine 1.
Furthermore, the fuel which is fed from the fuel tank 17
by the fuel pump 18, the pressure of which is controlled
to a predetermined injection pressure by the fuel pres-
sure regulator 19, is supplied to the engine by simulta-
neous injection through the injectors 20 which are pro-
vided corresponding with the respective cylinders of
the engine 1. Furthermore the ignition signal at ignition
time is successively supplied to ignition plugs (not
shown) which are provided at the respective cylinders
of the engine 1, successively through the ignition drive
circuit 21, the ignition coil 22 and the distributor 23.
The exhaust gas after combustion is exhausted to the air
through the exhaust manifold 24 or the like. A numeral
25 designates a crank angle sensor which detects a rota-
tion speed of a crank shaft of the engine 1, which gener-
ates a crank angle signal composed of a frequency pulse
signal in correspondence with the rotation speed, that,
for instance, rises at BTDC 70°, and falls at TDC. A
numeral 26 designates a cooling water temperature
sensor which detects a cooling water temperature, and
28, a pressure sensor, installed at the surge tank 14,
which detects the pressure in the intake pipe in absolute
pressure, and outputs a pressure detection signal the size
of which corresponds with the intake pipe pressure. A
numeral 29 designates an intake air temperature sensor
which is installed at the surge tank 14, and which de-
tects a temperature of the intake air, 27, an air-fuel ratio
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sensor which 1s mstalled at the exhaust manifold 24, and
detects oxygen concentration of the exhaust gas, and 31,
an idle switch which detects that the throttle valve 13 is
closed in 1dling time of the engine. The respective de-
tected signals of the respective sensors 2§ through 29
and the idle switch 31 are fed to an electronic control
~unit (hereinafter, ECU). The ECU 32 determines the
fuel injection quantity corresponding with the transient
state of the engine based on these detected signals, con-
trols the fuel injection quantity by controlling a valve
opening time for the injector 20, and controls the drive
of the ignition drive circuit 21.

FIG. 3 shows a detailed construction of the ECU 32.
ECU 32 1s composed of the microcomputer 33 which
performs the various calculations or determinations, the
analogue filter circuit 34 which decreases the ripple of
the pressure detection signal of the pressure sensor 28,
the A/D convertor 35 which successively converts the
analogue detection signal of the intake air temperature
sensor 29, the cooling water temperature sensor 26, the
air-fuel ratio sensor 27 and the output signal of the ana-
logue filter circuit 34, and the drive circuit 36 which
drives the injector 20, or the like. As for the output unit
of the ECU, only the fuel control unit is shown in the
diagram. Furthermore, the input port of the microcom-
puter 33 1s connected to the output terminals of the
crank angle sensor 28, the idle switch 31, and the A/D
convertor 35. The output port of the microcomputer 33
is connected to the A/D convertor 35 for sending out
reference signals, as well as to an input terminal of the
drive circuit 36. Furthermore, the microcomputer 33 1s
composed of the CPU 33A which performs various
calculations or determinations, the ROM 33B which
stores the programs for the flows described in FIGS. 5
- to 8, the ROM 33C as a work memory, and the timer
33D which presets the valve opening time of the injec-

- tor 20.

FIGS. 4A to 4C are timing charts which shows the
operation of the various parts in FIG. 3. As shown in
FIG. 4A, the crank angle signal S; which is an output
signal of the crank angle sensor 2§, rises at time points
t; to t7. The period T between the successive rise points
varies with the rotation speed of the engine 1. The drive
pulse signal of the injector 20 is generated once per
every three generations of the crank angle signal S
(which corresponds with the three cylinders of the
engine 1), by which fuel injection is performed simulta-
neously for the three cylinders. The A/D conversion
timing S3 at which the A/D convertor 35 converts the
pressure detection signal of the pressure sensor 28 that 1s
inputted through the analogue filter circuit 34, into the
pressure data, 1s as shown in FIG. 4C. A plurality of the
timing periods t4p are included in a duration of time
between successive injections, and are always constant
(for instance 2.5 msec).

Next, explanation will be given to the operation of
the CPU 33A in the ECU 32 referring FIGS. 2 to 8.
First of all, when power source is ON, the main routine
shown in FIG. § is initiated. In step 101, the operation is
mnitialized by clearing the content of the RAM 33C and
the like. In step 102, the operation reads out the mea-
sured value of the period T of the crank angle signal S;,

and performs the calculation of the rotation number Ne,

the result of which is stored in the RAM 33C. In step
103, the operation determines whether the increased
fuel quantity Q4, mentioned later, which 1s read from
the RAM 33C, 1s 0. If Q415 0, in step 104, the operation
reads out the revolution number Ne and the average
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value of the pressure data PB4, mentioned later, from
the RAM 33C, and based on these values, calculates by
mapping from the ROM 33B, the volume efficiency m
(Ne, PB,4) which 1s experimentally obtained before-
hand, so that the air-fuel ratio becomes a predetermined
value (for instance a theoretical air-fuel ratio), the result
of which 1s stored in the RAM 33C. When Q4540, in
step 108, the operation reads out the revolution number
Ne and the pressure data PB in the RAM 33C, and
based on these values, the operation calculates the vol-
ume efficiency 7, (Ne, PB;,), the result of which 1s
stored in the RAM 33C. In step 106, the operation suc-
cessively A/D converts the respective detected signals
of the cooling water sensor 20, the intake air tempera-
ture sensor 29 and the air-fuel ratio sensor 27, the result
of which 1s stored in the RAM 33C. In step 107, the
operation successively reads out the cooling water tem-
perature data, the intake air temperature data and the air
fuel ratio data from the RAM 33C, and calculates the
correction coefficient K 4 for correcting the basic fuel
quantity, the result of Which is stored in the RAM 33C.
In this correction coefficient K 4, all of the correction
coefficients such as the warming-up correction coeffici-
ent which corresponds with the cooling water tempera-
ture, the intake air temperature correction coefficient
which corresponds with the intake air temperature, the
air-fuel ratio feed back signal and the like, are com-
bined. After the treatment of step 107, the operation
returns to step 102, and the above successive operation
1s iterated.

On the other hand, an interruption signal is generated
at every elapse of the A/D conversion timing period
t4p, and the operation treats the interruption routine
shown 1n FIG. 6. In step 201, the operation A/D con-
verts the output signal of the pressure sensor 28 which
passed through the analogue filter circuit 34, to the
digital pressure data PB;, by using the A/D convertor
35. In step 202, the operation adds a new pressure data
PB;; to the summation value (SUM) of the pressure
data, and a new summation value of the pressure data
and the pressure data PB;, are stored and renewed in the
RAM 33C. In step 203, the operation adds 1 to the
addition number N by which addition number N 1s
renewed and stored in the RAM 33C. In step 204, the
operation determines whether an in-acceleration timer,
not shown, which is set in step 206, mentioned later and
which 1s subtracted at every predetermined time, 1s 0. If
N is 0, that is, after a predetermined time elapses after
the detection of the acceleration, the operation goes to
step 205. In step 205, the operation determines whether
the difference between the A/D transformed pressure
data PB;, and the average value of the pressure data
PB4, mentioned later, is more than or equal to the dead
zone data Dj;. When the difference falls in the dead
zone, the operation is finished. When the difference is
equal to or more than the dead zone, the operation
determines that the engine is in acceleration, and goes to
step 206. In step 206, the operation sets the in accelera-
tion timer which shows that the engine is in accelera-
tion, to a predetermined value. In step 207, the opera-
tion calculates the nonsynchromzing fuel injection
quantity Qg which is to be injected this time, as Q/,
which is stored in the RAM 33C. In step 210, the opera-
tion adds the currently calculated nonsynchronizing

fuel injection quantity Q’ to the nonsynchronizing fuel

injection quantity Q which 1s not injected when the

operation proceeds from step 211 to step 215 in the

preceding cycle, and the nonsynchronizing fuel injec-
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tion quantity Q is renewed. In step 211, the operation
determines whether the injector 20 is operating at the
simultaneously injection or the like. When the injector
1s operating, the operation goes to step 215. When the
Injector is not operating, the operation goes to step 212,
reads out the fuel quantity versus drive time conversion
coefficient K;a; of the injector 20, and the dead time
T p, and performs a Calculation of PW=Q X K;any7+ Tp,
by which the injector drive time PW is calculated. In
step 213, the operation sets this injector drive time PW
to the timer 33D, by which the timer 33D is operated
for the injector drive time PW. During the operation of
the timer 33D, the injector drive pulse signal S; is ap-
plied to the injector 20 through the drive circuit 36.
During that period fuel is supplied by injection from the
injector 20 to the engine 1. In step 214, the operation
clears the nonsynchronizing fuel injection quantity Q.
In step 215, the operation makes the pressure data
which 1s A/D-converted in step 201, a preceding pres-
sure data, and the mterruption routine of FIG. 6 is fin-
ished. On the other hand, when the in-acceleration
timer is not O in step 204, that is, when the time falls in
the predetermined time after the detection of the accel-
eratton of the engine, the operation goes to step 208. In
step 208, the operation always determines whether the
pressure data traverses the set values (1) to (3), and
detects the number of time n of traversing the set values
at every determination. In step 209, the operation calcu-
lates the nonsynchronizing fuel injection quantity
which corresponds with the number of time n detected
at step 208, by the equation of QygXn=Q’, and goes to
step 210. ‘

Furthermore, the crank angle interruption signal is
generated at every rise of the crank angle signal S; of
the crank angle sensor 25, and the operation treats the
crank angle signal interruption routine shown in FIG. 7.
In step 301, the measured value of the period T of the
crank angle signal S; is stored in the RAM 33C. Mea-
surement of the period T is performed by for instance,
a software timer or a hardware timer in the computer
33. In step 302, the operation adds 1 to the number of
generation M of the crank angle signal S; by which the
number of generation M is renewed. In step 303, the
operation determines whether the number of the gener-
ation of the crank angle signal M is 3. When the number
of generation is below 3, the number of generation M is
stored in the RAM 33C, and a series of treatments are
finished. When the number of generation M =3, in step
304, the operation clears the number of generation M as
Q. In step 305, the summation value of the pressure data
SUM is divided by the number of addition N, and ob-
tains the average value of the pressure data PB4 in a
single period of the fuel injection, which is stored in the
RAM 33C. This average value of the pressure data PB4
signifies an average value of the intake pipe pressure
during the single period of the fuel injection. In step
306, the summation value of the pressure data 3 and the
number of addition are cleared as 0. In step 307, the
operation determines whether the pressure data PB;,
which 1s obtained just before the current fuel injection,
that is, just before the rise of the current pulse when the
crank angle signal S; synchronizes with the fuel injec-
tion, 1s equal to or more than the first predetermined
value P; which corresponds with the first predeter-
mined pressure. When PB;, is below P;, the operation
goes to step 308. When PB;, is equal to or more than P;,
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pressure data PB;, and the pressure data PB,, which is
obtained just before the preceding fuel injection, that is,
just before the rise of the preceding pulse when the
crank angle signal S)is synchronized with the fuel injec-
tion, 1s equal to or more than the second predetermined
value P, which corresponds with the second predeter-
mined pressure. When APB;is equal to or more than P»,
the operation goes to step 310. When APB;is below Ps,
the operation goes to step 311. On the other hand, in
step 309, the operation determines whether the devia-
tion APB;=APB;,— PBj, which is obtained by the same
way with that in step 308, is equal to or more than the
third predetermined value P3 (P3>P;) which corre-
sponds with the third predetermined pressure. When
APB;1s equal to or more than P3, the operation goes to
step 310. When APB;is below Pj3, the operation goes to
step 311. In step 310, the operation calculatesd a new
increased fuel quantity Q4 by multiplying the deviation
APB; by a constant, and compares the result of the cal-
culation with increased fuel quantity Q4 which is al-
ready stored in the RAM 33C, and stores a larger value
in the RAM 33C. On the other hand, in step 311, The

~ operation subtracts a predetermined value a from the
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the operation goes to step 309. In step 308, the operation -

determines whether the deviation APB,; between the

increased fuel quantity Q4 which is read out from the
RAM 3C. When the calculated value becomes minus,
the value 1s clipped to 0. By such method, Q4is renewed
by performing subtraction calculation of the increased
fuel quantity Q4. The operation goes to step 312 after
step 310 or 311, and determines whether the increased
fuel quantity Q4 is 0, and stores Q4 to the RAM 33C.
When Q415 0, the operation determines that the engine
is not in the transient state correction period, and goes
to step 313 If Q4 is not O, the operation determines that
the engine 1s in the transient state correction period, and
goes to step 314. In step 313, the operation reads out the
correction coefficient K 4, the volume efficiency 7, (Ne,
PB4) and the average value of the pressure data PB4
from the RAM 33C, and reads out the pressure versus
fuel exchange coefficient from the ROM 33B, and cal-
culates the basic fuel quantity Qg by performing the
calculation of Qp=KopXK X1, (Ne, PB4)XPB,4. On
the other hand, in step 314, similar to step 313, the oper-
ation calculates the basic fuel quantity by using the
pressure data PB;,, according to the calculation equa-
tion of Q=Ko XK 4Xn,(Ne, PB;,) X PB;,. The opera-
tion goes to step 315 after step 313 or 314, where the
operation calculates the supply fuel quantity Q by add-
Ing the increased fuel quantity Q4 to the basic fuel quan-
tity Qp. In step 316, The operation reads out the fuel
quantity versus drive time exchange coefficient K a7 of
the injector 20 and the dead time Tp from the ROM
33B, and calculates the injector drive time PW as the
fuel injection quantity, by performing the calculation of
PW=Q XK ;ns+Tp. In step 317, the operation sets the
injector drive time PW to the timer 33D, and operates
the timer 33D during the period of PW. During the
operation of the timer 33D, injector drive pulse signal
57 1s supplied to the injector 20 through the drive circuit
36, and fuel is supplied by injection from the injector 20
to the engine 1. In step 318, The operation renews PB;,
by replacing the pressure data PB;, which is obtained
just before the current fuel injection, with a pressure
data PB;, which 1s obtained just before the preceding
fuel injection, and the interruption treatment of FIG. 7
1s finished.

Furthermore, in the above respective embodiments,
for instance, 1n the neighborhood of the maximum revo-
lution number, a total ripple suppressing ratio is ob-
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tained by combining a ripple suppressing ratio of the
averaging of the pressure data in the averaging program
treatment during a single period of the fuel injection,
and the ripple suppressing ratio of the analogue filter
circuit 34. The ripple suppressing ratio of the analogue
filter circuit 34 is selected so that the response necessary
for determining the increase or the decrease of signals,

1s obtained, and the ripple is suppressed to an extent in

which an erroneous determination is not made. By suit-
ably selecting the attenuation property of the analogue
filter circuit 34 and the A/D conversion timing period
~ t4p, the total ripple suppressing ratio is controlled
under a predetermined value, and the influence of the
ripple which accompanies the supply fuel quantity Q,
can sufficiently be decreased. Furthermore, as a crank
angle signal, the ignition pulse signal on the primary
-side of the ignition coil 22, can be utilized. In this inven-
tion, the ignition pulse signal is a regarded to generate at
every predetermined crank angle.

As stated above, according to the present invention,
the transient state of the engine is detected by compar-
ing the change quantity of the pressure data of the in-
take pipe pressure with a threshold value for determin-
ing of transient state of the engine which is selected
corresponding with the load state of the engine. Fur-
thermore this invention is constructed to calculate the
transient state correction fuel quantity based on the
pressure data by the above detection. Therefore, the
transient state threshold value in the range of light load,
can be smaller than that in the range of high load, which
hastens the detection of the acceleration from the light
load range which is frequently performed in the practi-
cal driving. Furthermore, in the initial state of the accel-
eration of the engine, since the fuel injection is per-
formed in nonéynchronizing way based on the change
of the pressure data, the air-fuel ratio in the transient
state, can be stabilized in the total driving range, which
promotes the driving performance. Since the throttle
opening degree sensor is not utilized, a fuel control
- device of an engine excellent in cost performance, can
be obtained.

What 1s claimed is: |

1. A fuel control device of an engine which com-
prises:
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a intake pipe pressure detecting means for detecting
an mtake pipe pressure and converting the intake
alr pressure to a pressure data;

a crank angle signal generating means for generating
a crank angle signal which is synchronized with a
predetermined crank angle; |

a transient state determining means for determining a
transient state of an engine by comparing a time-
wise change quantity of the pressure data with a
threshold value for determining the transient state
which 1s selected corresponding with a load state
of the engine; |

a transient state correction fuel quantity calculating
means for calculating a transient state correction
fuel quantity based on the pressure data when the
transient state of an engine is determined;

an averaging means for averaging the pressure data in
a predetermined crank angle signal period;

a basic fuel quantity selecting and calculating means
for calculating a basic fuel quantity after selecting
an output signal of an instantaneous value of the
pressure data or an output signal of the averaging
means corresponding with an output level of the
transient state correction fuel quantity calculating
means;

a fuel injection quantity determining means for calcu-
lating a fuel injection quantity by using the tran-
sient state correction fuel quantity and the basic
fuel quantity;

a fuel quantity measuring means for measuring a fuel
quantity for supplying by injection fuel of the fuel
injection quantity by the fuel injection quantity
determining means to the engine synchronizing
with a crank angle signal;

a nonsynchronizing fuel quantity determining means
for calculating a nonsynchronizing fuel quantity in
detecting of an acceleration state of the engine by
comparing an instantaneous value of the pressure
data with an output signal of the averaging means;
and |

a nonsynchronizing fuel quantity measuring means
for measuring a fuel quantity for supplying by in-
jection fuel of the nonsynchronizing fuel quantity
by the nonsynchronizing fuel quantity determining
means to the engine not synchronizing with the
crank angle signal.
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